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BIGH-iWLE~-VELOCI~P C O Y L I N G  ON THE XP-$2 AIRPLANE 

By I?. J, B a i l e y ,  J r , ,  J, F o r 6  J o h n s t o n ,  and- T .  J. Voglewede 

The r e s u l t s  are ??resented. f o r  a s e r i e s  o f  f l i g h t  t e s t s  
o f  tLe  maxinum speed a ~ c i  t h e  c o o l i n g  c h z r a c t e r L s t i c s  i n  
h igh- epeed l e v e l  f l i y h t  arid i n  c l imb  o f  t a c  XP-42, a i r p l a n e  
e a u i  pp e d 1.r i t h x 1 o a e- n o s e h i  gh- i r 3. e t - v e 1 o t3 i t y c o w l  i ng . 
T h i s  covl i izg i s  t h e  f i r s t  o f  a, s e r i e s  bein.<, t e s t e d  i n  a n  
e f f o r t  t o  improve  t h e  perform?nce and. c o o l i n g  c l a r a c t e r i s -  
t i c s  o f  a i r- c o o l e d  eng ine  i n s t a l l a t i o n s .  

The r e s u l t s  o f  t h e  t e s t s  inclicalecl  I., r:aximm speed- o f  
338 mlles p e r  hour  a t  870  horse-S?ower E t  2 7 , 0 0 0  f e e t ,  which 
was above t h e  ei-gin3 c r i t i c a l  a l t i t u d e  

P r e s s u r e  measurei ients  i n  t_,e e n t r a n c e s  t o  t h e  c y l i n -  
d e r  b a f f l e s  s;?owed_ a un i fo r ; ?  d i s % p i b u t i o n  o f  p r e s s u r e  on 
t h e  f r o n t  o €  t h o  eng ine  i?i Cigh-speeu. l e v e l  f l i g l i t  and a 
f a i r l y  un i fo rm d i s t r i b u t i o n  i n  full--gower c l imb .  S t a t i c  
press idre  beh ind  t h e  engine  was uniforrii i n  l e v e l  f l i g h t  but 
h i g h  a t  t h e  b o t t o m  o f  t h e  eng ina  i n  cl imb.  

In high-speed- l e v e l  f l i g h t ,  f r o n t  p ressures  on t h e  en- 
g i n e  a v e r a g e d  63 p e r c e n t  3x6 r e a r  p r e s s u r e s  ave raged  43 
p e r c e n t  o f  f r e e- s t r e a m  impact  p r e s s u r e .  The r e s u l t i n g  
pressure &rop o f  14 i r_ches o f  w a t e r  n t  ZS,OCO f e e t  ade-  
q u a t c l g  c o o l e d  t h e  e y l i r d e r  he-zas;  naximum c y l i n d e r  b c s c  
t e m p e r a t u r e s ,  however ,  exceeded %Le s:-ecified! l i n i t  wLen 
c o r r e c t e d  t o  Brny Sumifier c o n d i t i o n s ,  

In f u l l - ~ ~ o w e r  climb a t  a n  iad-icateci  s i~eec?  o f  1 4 0  m i l e s  
p e r  h o u r ,  I r o n t  y r e s s u r e s  on t h e  eng ine  a v e r a g e d  86 p e r c e n t  
aEd r e s r  p ~ e s s x r e s  - 26 p e r c e n t  o f  f r e e- s t r e a m  impact p r e s -  
s u r e  but necreascd- a s  t h e  power f e l l  o f f  a t  h i g h  a l t i t u d e .  
The  r e s u l t f a , -  p r e s s u r e  drop o f  a - p r o x i n s t e l y  i n c h e s  o f  
wa te r  w a s  s u f f i c i e n t  t o  keep c y l i n d e r  t e n y c r a t u z e s  w i t b i n  
t h e i r  s p e c i f i e d  l i m i t s  when t h e  c a r b u r e t o r  se t t i -n-g  was f u l l  
r i c h ,  

T t  i s  noia tec l  ou t  t h a t  t h e  v a l u e ,  f o r  c o o l i n g ,  o f  any 
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t ype  o f  c o u l i n g  should be $adrg.ed. on t h o  Basis of t h e  a m o u s t  
and t h e  d i s t r i b u t i o n  o f  the  c o o l i n g- a i r  p r e s s u r e s  i t  can  
supp ly  t o  t h e  eng ine  and no t  on t h e  bas i s  o f  t e m p e r a t u r e s  
obse rved  f o r  any one p a r t i c u l a r  eng ine .  

I n  an e x t e n s i v e  s e r i e s  o f  f l i g h t  t e s t s  witt t h e  
Curtiss XP-42 a i r p l a n e ,  t h e  NACk i s  i n v e s t i g a t i n g  t h e  char-  
a c t e r i s t i c s  o f  s e v e r a l  d i f f e r e n t ;  cowl ing  d e s i g n s  pyogoqed 
f o r  rsc!isl s i r - c o o l e d  e n g i n e s .  When or ig?nated. ,  t h i s  pro- 
gran had tvro v r i n c i p a l  objectives: f i r s t ,  t o  ileterltline %be 
maxiuum si2cecl o f  t'ze a i r p l a n e  v i t h  i t s  o r i g i n a l  loqg-noso 
eng ine  when f i t t e d  w i t h  what appeared, on t h e  ' b a s i s  o f  ~ t l n d -  
t u n a e l  i n v e s t i g a t i o n s ,  t o  be a n  optii-num t . ; i r-cooled engine 
i n s t D l l a t l o n ;  nnCl second ,  t , o  e s t a b l i s h  t h e  e x t e n t  t o  whloh 
naxixulil sliced w o u l d  s u f f e r  as  at,tem-pts m T e  macle t o  aclnpt 
t h e  optimum ar rangement  t o  t h e  s t a a 8 . u d .  s i l o s  t -nose eng4ne 
i n  o r d e r  t o  pror7uce more p r a c t i c a b L e  d e s i g n s  f r o m  %,,e  on- 
s i d e r p t i o n s  o f  weigh t  and e z s e  o f  f a b r i c a t i o n .  

I t  was r e c o g n i z e d  t ha t  t h e  high-syeefi v a l u e s  f o r  any  
particular ar rzngement  ~ ~ o u l d  !lave l i t t l e  s i g n i f i c a n c e  ynm 
l e s s  accompanied by data sliovring t h e  arrangoment  t o  be 
c a p a b l e  o f  p r o v i d i n g  s a t i s f a c t o r y  engine  c o o l i n g  i n  ~ l $  
f l i g h t  c o n ? i t S o n s .  A c c o r d i n g l y ,  t h e  t e s t s  were p l a n n e q  t o  
bnc3v.de qeasuremspt  a f  t h s  c o o l i n g  c a p s b i l i t i e s  o f  each  
a r rangement  frs a nunbar  o f  tb3  more Gritical,  c o n d i t i o n s  
Subsequsnb i n c r e a g e s  in t h e  number of" arrsngqments  t o  @ e  
t e s t e d ,  however,  have ;r.ztde i t  n e c e s s a r y  % Q  clorrfine i nvqs -  
t i g a t i t g n  of  t h e  a m l i n g  c h . ~ r a c t e r i s t i o s  t o  t w o  flight C Q Q -  
d i t i o n s j  Xiigh-=peed level .  P l i g h t  a t  ori t ; ica. l ,  a l t i t u d e  
t f l tb  lii$Litary power,  and su . s t a ine6  c l imb t o  apgroximatqly 
20,000 f e e t  w i t h  m i l i t a r y  power, at a.irsgearits In t h e  n 
b o r h o o d  o f  tha% for b e s t  r a t e  o f  c l i r sb ,  Qvqund-cool in  
c h a r a c t e r i s t i c s  a r e  b e i n g  i n v e s t i g a t s d  p r i o ~  b o  t h e  f l .Jgbt  
CEests o f  iaach a r r a n g e n e n t ,  

The cowl ing  d e s i g n s  t o  be tes ted.  are an outrgrowth gf 
r e c e n t  wiwd- tumel  i n v e s t i g a t i o n s  r e p o r t e a  i n  r e f e r e n o 0  
3 ,  I n  general, they r e p r e s e n t  a n  e f f o r t  t o  improve t h e  
e T t e r n . 3  o o w l  shape wit11 r e f e r e n c e  t o  dra and  o r i t l c a l  
speed ana t o  n a i n t a i n  a high, u n i f o r m l y  d l G t r i b p t e d  
cooIing-air precssure over  t k e  f r o n t  9-f t h e  engine i n  bdfjh 
c l i m b  sncl l e v e l  f l i g h t ,  A t  p r e s e n . t ,  t h e  p r o g r a n  incluclea  
t e c t  s of t h e  t ype  31; l o n g- n o s o  h i g h - i n l s t - v e l o c i t y  CQ$$- 
i n g  sepor'riec? 'neseiri  and, d e s i g n e d  f o r  tlie long-ngse Pra6.E 8 

Y 
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P ICzitney 2830-31 e n g l a e ,  a as sho r t- nose  h i g h- i n l e t-  
v e l o c i t y  cowli..ig desiGner1 f o r  t h e  standarc!. s h o r t- n o s e  
P r s t t  & WBitney 1830 ewz5ine; a. Dsg short-nose l o w- i n l e t -  
v e l o c f t y  cowling d s s i g n e d  f o r  i;se w i t h  a spinner-mounted 
% x t a l - f l o w  f a n ;  and  a c o n v e n t i o n a l  l ikCA C t y p e  cowling.  

2he u s e  of  p r o p e l l e r  cuffs i s  c o n s i d e r e d  mandatory 
w i t h  b o t h  h i g h - i n l e t - v e l o c i t y  d-es igns  if  on ly  on t h o  b a s i s  
of ,pounrl c o o l i n g .  Duriizc t e s t s  o f  t h e  l ow- in l e t -ve l . oc i ty  
cowli.rg, hcwever t n o  g e v e r a l  m o d i f i c e t i o n s  t h a t  CRYZ be  
a c h i e v e d  32- rernoviaq t h e  cu . f f s ,  t h e  f a n ,  o r  ’OoftI; w i l l  
p r o b F b l y  be  t r i e d .  Vlierever n o s s i b l e ,  vlien c u f f s  are u s e d ,  
tvTo p n g u l n r  s e t t i n g s  v i l l  be  t;rLed i n  a n  e f f o r t  t o  o b t a i n  
t h e  op t  inum cuff  s e t t i n g .  

Al”v‘nou.gl~ c?, C o i l c L u s i r e  a n p L y s i s  o f  t h e  r s l r t i v e  m e r i t s  
o f  ~ 1 1  t h e  d i f f e r e n t  a r r n n g e n e n t s  canno5 be zade  u n t i l  t h e  
e:ii;5i:e *3rogram i s  - o n p l e t e ,  t e s t  r?ata on each  arrangement  
7 - i I - l  Le :-:..;Torte$ briefly D S  3oc)n as  ob ta lneC.  The p r e s s n t  
papor  Liar be c o c s i d e r e &  t1;e T i r s t  o f  t h i s  s e r l e s  o f  r e -  
p o r t s ,  It; i n c l u d e s  t h e  data ob t2 ined  in t e s t s  o f  the long-  
n o s e  h i ~ h r i n l e t - v e l o c i t g  c o v l l a g ,  .r.rh.lich I.IC s tile Z i r s t  t a  
be t c s t e d . ,  
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i n  subsequent  r e -oo r t s  of t h i s  s e r i e s  t o  a s c e r t a i n  whether  
a. g i v e n  cowl ing  a r rangement  i s  capab le  0 %  f u l f i l l i n g  i t s  
d u t i e s  i n  c o o l i n g  t h e  engine  nus t  s ta r t  w i t h  a t i e f i n i t i o n  
o f  t h o s e  d u t i e s .  

i3riefl;T, tLe  T e s p o x s i b i L i t y  l o r  co o l i n g  t h e  eng ine  
can be d i v i d e d  between tkle cowl ing ,  t h e  l u b r i c z t i n g  s y s -  
teem, t h o  cyl incler  f i n  and b a f f l i n g  a r r angemen t ,  and t h e  
i n d u c t i o n  s 2 r s t e m .  I t  i s  t h e  d-uty o f  t n e  c o w l i r g  t o  con- 
vey t o  t h e  f r o n t  o f  t h e  e n g i n e  a s a i t ~ b l e  q u a i t i t y  o f  a i r  
z t  s, higl i  p r e s s r , r e ,  v . i z i f o r m l j ~  Z i s t r i b u t e d -  over  t h e  en- 
t s a n c e s t o  t h e  cglinc?-cr bacfles. Ovcr t h e  r e a r  o f  t h e  en- 
gFne Ghs c o v l i n g  m u s t  provid-e a u n i f o r m l y  d i s t r i b u t e d -  
presscre c o n t r o l l a b l e  o v e r  a range s u f f i c i e n t  t o  m a i n t a i n  
an  al3proxinatel .y co-is-baan-l L i f f e r e n c e  between f r o n t  avld 
r e a  p r e s s - m e s  a s  t i le  zir;71;>ne spear: i s  v a r i e a  f r o m  t h e  
maxLrnLn i n  l e v e l  f x i g h t  t o  t h a t  f o r  b e s t  r a t e  o f  c l i n k .  

I t  i s  a l s o  t h e  ciu.t;;r o f  t h e  cowl ing  t o  c o r t r i b u t e  t o  
t h e  i n t e r n a l  c o o l i n z  of  t h e  cy l ind le rs  is;;. y s o v i c i r g  ? o r  6%- 
f i c i e n t  o13era t ion  o f  t h e  o i l  c o o l e r .  TLe l c b r i c a t i n g  sys-  
tem i s  o f  course  cha rged  wi th  d i s t r i b u t i n g  t h e  coole?. o i l  
u n i f o r m l y  t o  t h e  c y l i n c i e r s ,  

It i s  t h e  duty  o f  t h e  f t n  ~ 1 1 2 ~  ‘ b a f f l e  coii lbi :et ion t o  
s o  d i s t r i b u t e  t h e  a i r  over  t h e  c y l i n d e r s  t i i r t  heat i s  r e -  
noved f ro .1  e l c h  r e g i o n  on t h e  c,l . i i ider s u r f a c e  z % t  t h e  r a t e  
necessar27 t o  na in ta i la  t h e  temLJerzturc  o f  that r e g i o n  at 
t h e  h i g h e s t  vatli;e compa,tibLe wit’x s s t i s f s c 5 o r y  eng ine  l i f e ,  

I t  i s  the d.v.ty of the engrne in$ -uc t ion  system t o  d i s -  
t r i b u t e  -ui!i.for:ilr $ 5  %::e c ! i f P e r e n t  c g l i n d e r s  t h e  nixzinuc 
e x c e s s  o f  gcLsoline that  e x g e r i e r c e  has incticatec7 t o  be 
n e c e s s a r y  f o r  i n t e r n a l  cooZiiig o f  t’ie c y l i a a e r s .  

C.2 t h e  Sas is  o f  t h e  foi .egoing c o n s i d - e r z t i o n s  i t  i s  ev- 
i d e n t  tha t  t h e  c o n v e n t i o n a l  metLod o f  e v a z u a t i n g  eng ine  
coo’l-ing by neasvxement o f  ind-ex tempera tures  on t h e  c y l i n -  
ders g i v e s  o i i l y  t b e  t o t a l  e f f e c t  o f  81.1 t h e  f a c t o r s  t h a t  
c o n t r i b u t e  t o  e a g i n e  c o o l i n g  a:id i s  t h e r e f o r e  a p a r t i c u -  
1arl.g. i n c o n v e n i e n t ,  i f  no t  v h o l l y  u n r e l i a b l e ,  i n d e x  o f  t h e  
m e r i t  o f  t h e  cowl ing .  I t  Ls ~ 2 . ~ 0  apTaren t  thet any i n -  
e q u a l i t y  i n  t h e  ?. iv is%on o f  o i l ,  g a s o l i n e ,  o r  c o o l i n g  a i r  
between t L i e  i nc ‘ iv idua l  c y l i n d e r s ,  as  w e l l  as any d-e f i c i en -  
cy i n  t h e  F i s t r i b a t i o n  o f  P in  a r e a  o r  c o o l i n g  a i r  over  t h e  
C i f f e r e n t  parts o f  e a c h  c y l i n d e r ,  c o r r e s p o n d i n g l y  i n c r e a s e s  
t h e  $-?eman& o n  and r e d u c e s  t h e  e f f i c i e n c y  of t h e  cowl ing ,  
which i>u.st be nacle capable o f  s-il.pplyiilg a p r e s s u r e  drop  
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over  t h e  e n t i r e  e n g i n e  s u f f i c i e n t  t o  e f iw ina , t e  t h e  n o r s t  
e x i s t i n g  c8se  o f  l o c a l  o v e r h e a t i n g .  Obvious ly  when such 
l o c a l i z e d  o v e r h e a t i n g  i s  s e v e r e ,  no cowl ing  can  be ex- 
isected- t o  produce s a t i s f a c t o r y  c o o l i n g ,  

Al though  a complete  survey o f  eng ine  t e a p o r s t u r e s  
was p l a n n e d ,  and s t i l l .  i s  b e i n g  inc lu-de6  i n  all P, h e  
t e s t s  i n  t h e  p r e s e n t  s e r i e s ,  i t  nov z.ppears obvLous t h z t  
t h o  very e x t e n s i v e  slxrvey also b e i n g  made o f  T r e s s u r e s  a t  
t h e  e n t r w c e s  t o  t h e  3as"PZes o f  t h e  d i f f e r e n t  c y l i n d e r s  
end i n  %"ne conpar tmeat  b e h i n a  t h e  eng ine  i s  a much more 
d i r e c t  a ~ d  r e l i a b l e  measure o f  t h e  c o o l i n g  c a p a b i l i t i e s  o f  
t h e  d i c ' f e r e n t  c o v l i n g s  , 

The XP-42 a i r p l a n e  shown i n  f i g u r e s  1 9  2 ,  a n d  3 i s  
i d - e n t i c a l  w i t h  t h e  P-36 a i r p l a n e  except; i n  t h e  f u s e l a g e  
f a i . r i n g  beb ind  t h e  cowl ing  a,nd i n  t h e  engine  i n s t a l l a t i o n ,  
I t s  e n g i n e ,  t h e  P r a t t  & Vhi tncy  183'3-31, has r?. h i g h e r  
c r i t i c n l - a l t i t u 6 - e  r a t i n g  ~ n d  i n c o r p o r s t e s  a n  e x t e n s i o n  
s h a f t  t h a t  places t h e  p r o p e l l e r  a p p o x i m a t e l y  20 i n c h e s  
aheac? o f  t h e  n o r a a l  T o s i t i o n ,  The power r a t i n g  of t h e  en- 
g i n e  i s  as f o l l o . t r s :  

I 
-1_- -II.- 

1 bhp 

3Torna,l r a t i n g  

IT o r  nal. r at  t, ng  

i 1 i l i t a r y  r a t i n g  

LOO0 

1000 

1.000 

The engii le h a s  a s ing l - e - s t age  blower  v i t b  an  i m p e l l e r  
d r i v e  r a t t o  o? 8.4'7 : 1 and a> p r o p e l l e r  d-r ive  r s t i o  o f  
16:9. A s p e c i a l  s e t  o f  e n g i n e - c y l i n d e r  b a z f l e s ,  designed.  
t o  m i n l a i z e  t h e  l e a k a g e  of  a i r  between s & j o i n i n g  b z f f l e s  
~ n f i  t o  f i t  raore closely t o  t k e  fLns ,  vias p r o v i d e d  by t h e  
eng ine  a s n u f a c t u r e r  . 

The 10 - inch -d i ane t e r  oil c o o l e r  f u r n i s h e d  with t h e  en- 
g i n e  vas b e l i e v e d  t o  be na rg ina l  and vas r e p l a c e d  by an 
11- inch  U.A.P. c o o l e r  w i t h  t h e  saxe c o r e  d e p t h  of 9 i n c h e s .  
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inr?iT;iclual cyL9nd 2 ~ -  J e t  exhaus t  s t a c P s ,  r e f e r e n c e  2 a  w&ple 
u s e d  i n  p l a c e  o f  t l ic  stalzdard c o l l e c t o r  r i n g .  2hese  
s t a c k s ,  f i g u r e  4, a r e  made o f  2 ~ - i n r h - o u t s i d e - ~ - i a n e t e r  b$ 
0,043-inch-v,rall  s t a i n l e s s - s t e e l  t u b i n g .  The ends  o f  t h e  
s t a c k s  --,re 2 la t tenec '  t o  rec?uce t h e  i n t e r n a l  c r o s s - s e c t i o n a l  
area  f r o i z  4,135 t o  2,923 sqv-are i r iches .  

6 

The p r e s s u r e  axlG t h e  v e l o c i t y  of t h e  e i r  e n t e r i n g  t h e  
e n s i n e  coapar tmect  f r o m  t h e  r e a r  o f  t h e  d i f f z t s e r  s e c t i o n  
v e r e  measured by f o u r  survey  r ~ k e s  d.isposed sywi i e t r i ea2 ly  
a't t h e  t o p ,  b o t t o m ,  and bo th  s i d e s  o f  t h e  a n n u l a r  opening, ,  
Each r a k e  cons i s tec i  o f  f i v e  iingact t u b e s  spaced r a c t f a l l y  
f r o n  t h e  i n n e r  t o  %he o u t e r  edge o f  t h e  opening  and a 
s t a t i c  t u b e  o27fset  la . tera21y abou t  1 i n c h  from t h e  c e n t e r  
impact  t u b e ,  

The pressure drop a c r o s s  t h e  eng ine  was n e a s u r e d  by 
impact  t u b e s  s e t  i n  t h e  e n t r a n c e  t o  t h e  b a f f l e s  on t o p  o f  + . 
t h e  heact; by impact  t u b e s  on t h e  exhaus t  s i d e  o f  t h e  head ;  
by impac t  t u b e s  o a  t h e  exhaus t  s i d e  o f  t h e  B a r r e l  o f  c y l-  
i n d e r s  I ,  3, 4 ,  6 ,  7, 9 ,  lG, 12, and 14 ;  a n d  by open-end 
t u b e s  s h i e l d e d  f r o n  d - i r e c t  a i r  flow behind  e a c h  o f  t h e  
c y l i n d e r s  listeCE. 

s 



The ram i n  tha c a r b l r r e t o r  s c o o p  w a s  measured by t h r e e  
iapact  t u b e s  o n  t h e  rj-ertj-cal c e n t e r  l i n e  o f  t h e  S c o o p  and  
s l i g h t l y  beh ind  t h e  c e n t e r  l i n e  o f  t h e  rear c y l i n d e r s ,  I n  
a d d i t i o a ,  f o r  t h e  e s r l i e z  f l i g h t s ,  seven  impac t  tubes  were 
p l a c e d  at t h e  e n t r a n c e  t o  t h e  c a r b u r e t o r ,  jus t  above t h e  
s c r e e n ,  t o  de te rmine  t h e  p r e s s v z e  d i s t r i b u t i o n  at t h e  car-  
b u r e t o r ,  F i g u r e  9 slzows t h e  r e l . a t S e  l o c a t i o n s  o f  pres- 
s u r e  t u b e s  i n  t h e  cowl ing ,  

Uine impact  t x b e s  and one s t a t i c  t u b e  were p l a c e d  :'Ln 
t h e  PZCC o f  t h e  o i l  c o o l e r  t o  d e t e r n i n e  J;hp r a m  a t  tba t  
p o i n t ;  t h r e e  inpac.2 t u b e s  f a s t n g  i n t o  t h e  e x i t  c o o l i n g  a i r  
s t r eam a b o u t  5 / 4  i a c k  beh%nd and on t h e  v e r t i c a l  c e n t e r  
l i n e  o f  t h e  o i Z  c o o l e r  w k e  i n  d - e t e r n i n i n g  t h e  pres-  
Sure b e h i n d  t h e  o i l  c o o l s r .  

A f t e r  t h e  Frti?LizLna;r f l i g h t s ,  ope"-end t u b e s  were 
a l s o  p u t  i n  t h e  a c c e s s o r y  and r e c o r d i n g  instrument COD-  
pa r -bnents  t o  c l e t e r a i n e  tlle p r e s s u y e  et t h o s e  p o i n t s ,  

The  85 a i r  p r e s s u r e s  were  r e c o r d e q  b3- a 301ccJ,1 r e -  
cor t ' ing  n a n o m t e r  ri-ctaciied t o  t h e  p r e s s u r e  t u b e s  t h r o u g h  
a n e n u a l l y  o3erEted  t h r e e - p o s i t i o n  s w i t c h  (fit, 1.0) s o  
t h a t  eack  c e l l  recorcled tk-e p r e s s u r e s  f r o n  t n r e e  d i f f e r e n t  
t u b e s  i n  s u c c e s s i o n ,  T1,e s t a t i c  s i d e s  o f  a l l  c e l l s  were 
a t t a c h e d  t o  a c o r m o n  p r e s s u r e  s o u r c e ,  end t h e  T r e s s u r e  
s i d e  o f  o ~ e  c e l l  r e e o r c e d  f r e e - s t r e a E  t o t a l  p r e s s u r e ;  t5v.s 
all p r e s s u r e s  c o u l d  be measxred i n  i a c h e s  o f  wate r  a b o v e  
o r  belo7.r T r e e - s t r e a a  t o t a l  p r e s s u r e ,  

P z i n c i p z l  tenger,- , 'c . i re Eeasuremcnt s were nace by means 
o f  i r o n - c o n s t a n t a n  thermocouples  comec tec?  t o  a, r e c o r f i i n g  
g a l v a a  o x o t  er t h r  o u  a, mot or -dr iveln 48-p o s i t  i on r o  t a t  i n g  
switc1i ( f i g .  2 1 ) .  D i t a  t t i i s  a r r angemen t ,  e ach  t e m p e r a t u r e  
w a s  r e c o r d e d  a n p r o x i m a t e l y  o n c e  e v e r y  9 0  secoizcls, 

F o r  t h e  s e a s u r e n e a t  o f  c y l i n d e r - h e a d  t e m p e r r t u r e a ,  a 
gasBet- 'bgpe t h e r n o c o u p l e  ?res used under  "Ue rear spark 
p lug  o f  each  c;il$.indas. C g l i n d e r - b a r r e l  t e m p e r a t u r e s  were 
meast;zret! by thermocouples  peened i n t o  t h e  f l a n g e s  a t  t h e  
r e a r  c e n t e r  l i n e s .  

The r r~ocouy lea  were also p l a c e d  on  t h e  Trent and r e a r  
s?ctrl+plug elbows o f  c y l r n d e r s  1, 7,  and 11; on b o t h  nag- 
n e t o s ;  on t h e  f u e l  l i n e s  on t h e  s u c t i o n  and p r e s s u r e  s i d e s  
of  t h e  Zuel pump; i n  t h e  y r i m e r  h o l e s  i n  t h e  isatake p o r t s  
o f  c y l f n d e r s  5 and 10 f o r  i n t a k e  m i x t u r e - t e m p s r a t u r e ;  i n  
t h e  m i x t u r e  at t l ie  s u p e r c z a r g e r  blower  r i m ;  asd i n  t h e  o i l -  
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outt L i n e ,  The cooIZng-zir  t e m p e r a t u r e  vatj r e c o r d e d  by a 
t h e r n o c o u p l e  a t  t h e  ai:l?ular e n t r a n c e  t o  t h e  eng ine  compart-  
ment sind b s r  thermocoupLes s h e a d  o f  and b e h i c d  c y l i n d e r  I. 
The thermocouple  behlntd- c p l i n d s r  1 vms p l a c e d  2 i n c h e s  be- 
h i n d  cnd, t h r e e  f i n  s p a c e s  above t h e  b o t t o m  of t h e  head ;  
t h e  f r o n t  thermocoaple  was between c y l i n d e r s  2 and 14 and  
abou t  t h r e e  f i n  spaces: be low t h e  bot tom o f  t h e  head.  The 
c a r b u r e t  or- air t e m p e r a t u r e  vas r e c o r d e d  by a thermocouple  
just under  t h e  screen a t  t h e  c a r b u r e t o r  e n t r a n c e .  

The c o l d  junc t ; lons  of  tbz thermocouples  were t a 3 e d  i n  
a buad le  a b o u t  3 f o e %  loslg and 3 i n c h e s  i n  d i a n e t e r  and 
p l a c e d  i n  the r e a r  p a r t  o f  t h e  f u s e l a g e .  A. r e s i s t a a c e  
b u l b  t k s r n o x e t e r  v;gs  sed .to int3, icate t h e  t e m p e r a t u r e  at a 
p o i n t  in t h e  burial-e. ZnClic,.r,ted t e m p e r a t u r e s  were n o t e d  by 
t h e  p i l o t  . Other  t e u p e r a t u r e s  e n d i c a t e d  by r e s i s t a n c e  b u l b  
thermometers  were t h e  t e m a e r a t u r e s  o f  t h e  accessory- cornpar t-  
ment a5.r ancZ t h e  air at e x i t  f r o n  the o i l  c o o l e r .  Free-  
a i r ,  o i l - i n ,  and c a r b n r e t o r - r i x t u r e  t e m p e r a t u r e s  were a e a s -  
w e d  by BrmS s tand.ard  vapor- pres su re  t ype  i n s t r u m e n t s  8.1- 
r e a d y  i n  the a i rp l . ana ,  The f r e e - a i r  thermometer  i fas  C a l i -  
S r z t e d  f o r  %he c o m p r e s s i b i l i t y  h e a t i n g  e f f e c % d u e  t o  speed  
5y flying a t  c o n s t a n t  a l ' t l t t t d e  a t  s e v e r a l  a i r s n e e d s .  

An o i l - p r e s s u r e - t y p e  t o r q u e  meter  was i n s t a l l e d  i n  
t h e  nose  o f  t h e  e n g i n e ,  w i t h  a SOO-pound gage i n  t h e  cock- 
p i t ,  The p i l o t ' s  r e a d i n g s  o f  t h e  to rque- meter  gage and 
t a c h o n e t e r  were u s e d  in d e t e r m i n i n g  t h e  b rake  horsepower 
d e l i v e r e d  t o  t h e  p r o p e l l e r ,  

A l t i t u d e  was f ie tarmined by a r e c o r d i n g  a l t i n e t e r  open 
t o  t h e  n e a s u r e d  p r e s s u r e  of  t h e  i n s t r u n e a t  compartnent  be- 
h i n d  t h e  p i l o t ' s  s e a t .  A i r s p e e d  vas d3 te rmined  by an  a i r-  
speed r e c o r d e r  :.lorking on  p r e s s u r e s  f r o m  a n  BkCA s w i v e l i n g  
airspeed head  on t h e  r ig l i t  vriylg t i ?  about  one  chord l e n g t h  
ahead  o f  t h e  l e a d i n g  edge o f  t h e  wing. The s t a t i c  s i d e  o f  
t h e  a i r s p e g &  head was ca l i 'o rp- ted  by a t t a c h i n g  i t  t o  a. c a l-  
i b r a t e d  s e n s i t i v e  a l t i m e t e r  and f l y i n g  at s e v e r a l  a i r-  
speeds  a t  a known l o w  geomeeric  h e i g h t ,  f o r  wliicli t r u e  
barometric p r e s s u r e  cou ld  be a c c u r a t e l y  e s t a b l i s h e d .  The 
impact  s i d e  was c a l i b r a t e d  a g a i n s t  a sbie'LdeC3. p i t o t  heaa  
f r e e  f r o m  e r r o r s  due t o  f l i g h t  angles o f  a t t a c k .  A c r o s s-  
calZbration between t h e  s e r v i c e  a i r s p e e d  head  on  t h e  l e f t  
wing and t h e  3ACA a i r s p e e d  head was l a t e r  o b t a i n e d ,  and 
t h e  €T'$hCA head wa.s reaoGec2 f o r  t h e  l a s t  h igh- speed  t r i a l s .  

A t t e m p t s  were w,de t o  n e a s u r e  t h e  Euel  f l o w  to t h e  
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carburetor by means bnth...af a n  ISOACA iadlirrer%Ing flowmeter 
and a Bowses t ype  f lowmeter ,  Results ob ta ined  by e i t h e r  
method of measurement were i n c o n s i s t e n t  wi tk in  thenraelvtas 
an& were d i s c a r d e d  as being u n r e l i a b l e ,  

TEST PROCEDURE 

Before the  f l i g h t  t e s t s ,  grounducoolfng t e s t s  were 
made by runn tng  t h e  engine a t  1380 rpm i q  l a w  p i t c h  f o r  3.0 
minutesv t h e n  idling f p s  5 m;tnutes; t hen ,  a f t e z  about a 
minute o f  running  a t  higher speed t o  c l e a r  t h e  spark plugs, 
cutttng off t he  engine.  Temperatures were recorded con- 
tinuously u n t i l  abou,% 10 minutes  af.f ;er the engZne was 
stopped.  The sinal1 cowl f l a p s  were open, 

2reZimPnary f l i g h t s  were t hen  made t o  calfbratts  t h e  
a i r s p e e d  head and free-air thermometer and t o  check t h e  
engine  m o l i n g  a t  f u l l  power at c r i t i c a x  a l t f t u d e .  

After several changes i n d f c a t e d  by the results of t h e  
p r e l i m f n a r y  f l i g h t s ,  t h e  h igh speed; .ru&s determined by 
making level runs  a t  f u l l  power a t  2'700 r p  w i t h  cowl 
flaps c l o s e d  at s e v e r a l  a l t i t u d e s  a t  and above t h e  engine  
c r i t i c a l  a l t i t n d e ,  The n a n i f o l d  p r e s s u r e  w a s  no t  a l lowed  
t o  exceed 39 ixlches o f  mercury & r i n g  the  high- speed run@, 
A f t e r  reaching steady conditioas i n  each run1 t h e  p i l o t  
switched on t h e  manometor and took p r e s s u r e  cecords ,  mean- 
while nottr ig  f r e o - a f r  and co,ld- junction t empera tu res ,  
t o r q u e  and manifold p r e s s u r e ,  and engine speed,  All r e-  
cord ing  t ,nstrumen%s, except t h e  mancmeteg, were l e f t  oil 
throughout t he  f l i g h t  , 

" 

T o r  t e s t s  o f  t h e  c o o l i n g  i n  climb, t h e  g e n e r a l  g roce -  
dure  was t o  h o l d  t h e  sirplane a t  a cons tan t .  p r o p e l l e r  
speed and i n d i c a t e d  a i r s p e e d  and a t  predetermined man9fold 
p r e s s u r e s  or at  f u l l  t h r o t t l e .  O f  t h e  cl imb t e s t s  report- 
ed h e r e ,  one was &ade a t  1 6 0  miles p e r  hour a t  2550 rpm 
and a b o u t  40,5 i n c h e s  o f  mercury i n  t h e  au tomat ic  r i c h  
c a r b u r e t o r  s e t t i n g  and was r e p e a t e d  a t  2300 rpm; t he  o t h e r  
was a% 140 rc l les  p e r  hour and 2550 rpm with t h e  mixture 
c o n t r o l  i n  full r i c h ,  I n  t h e  f u l l r r i c h  climb the. manifold 
p r e s s u r e  was h e l d  at 44,5 i n c h e s  o f  mercury t o  7'000 f e e t ,  
then 43.5 i n c h e s  of mercury u n t i l  t h e  f u l l - t h r o t t l e  pos i-  
t i o n  was reached.  811 cl imb k e s t s  were made wPth t h e  f u l l  
cowl f l a p s  f f x e d  open, 



2he change On mlxkure s e t t i n g  f r o m  au tomat ic  t o  full. 
r i c h  was made when t e s t s  showed that t h e  engine  could  n o t  
be s a % i s f a c $ o r f l y  c o o l e d  i n  automatfc- r fch  ss t t tag  at 
cPimbing speeds below 360 mfles  p e r  hour; whereas, t h e  
b e s t  c l imbing  speed w a s  expected  t o  be approximate ly  1-40 
m i l e s  pe r  hour, The automattJ,c-rich s e t t i n g  provides a 
mixture compensation f o r  altftude t h a t  5 s  c u t  ouf i n  t h e  
f u l L r i  ch s e t t i n g ,  

RESULT8 AND l?I$CUSSIOl? 

tiax3.num speed.- The v a l u e s  of maxiaum speed c;alcu* 
l a t e d  fron? data o b t a i n e d  i n  l e v e l  r u n s  near  and above t h e  
engine  c r i t i c a l  altitude a r e  shown i n  f i g u r e  12# a l o n g  
w i t h  the observed brake horsepoker  and two pasametars t o  
be e x p l a i n e d  l a t e r ,  The power curve shows t h a t  the  criDP- 
c a l  engfne a1titud.e w a s  not reacberl ,  a t  l e a s t  Zn t h e  run 
at t h e  lowest  a l t i t u d e  shown, and  t k a t  Dhersfore t h e  speed 
obtaineeZ i n  t h s t  run must be expected  t o  be lower t h a n  
speeds ob ta ined  a t  f u l l  t h r o t t l e  a t  o r i t f o a l  a l t i t ude ,  

With t h e  1ZrniCed nvmber o f  runs mczde, t h e  p r e c i s i o n  
o f  t h e  i n d i v i a u a l  highuspeed measurements w 9( s gnsuff i -  
c i e n t  t o  determine c r i t i c a l l y  the s m a Z L  v a r i a t i o n  o f  afr- 
speed w i t h  a l t i t u d e  a t  f u l l  t h r o t t l e  i n  t h e  range o f  al-  
t i t u d e s  shownI and t h e  f a i r e d  curve  presented-  must be 
cons ide red  a n  apprgxfmation.  Xn t h i s  connect ion ,  f t  
should be no ted  t h a t  an  error of approximate ly  Qna m i l e  
p e r  hour i n  any i n d i v i d u a l  speed deterrnPnsSiQn may r e s u l t  
Prom: 

An e r r o r  of  3 O  F i n  f r e e - a i r  tempera ture  

A.n e r ro r  of 0.2 i n c h  i n  Zmpact pr a s sur 8 

An e r r o r  o f  0.1 i n c h  o f  mercury i n  atmospheric 
p r e s s u r e  

A change o f  a l t i t u d e  o f  40 f e e t  per minute 

O f  the above sources o f  e r ror ,  t h a t  in d e f e r m b i n g  
t h e  f r e e- a i r  t empera tu re  may have been t h e  Icost Important, 
A f t e r  t h e  t e s t s  were completed,  if was found t h a t  exter-  
naJ, p r e s s u r e  h a s  an  unexpectedly  l a r g e  effect on the fn-. 
dicat ions  of Cha f r e e- a i r  therraonetey. Although all reade 
i n g s  have been c o r r e c t e d  f o r  t L b s  effect, i t s  magnitude, 



7' F a t  25,000 f e e t ,  l e a v e s  sone aottbt as t o  t h e  g e n e r a l  
r e f i a b i l i t y  o f  t h e  Znstrurnent. The c o m p x e s s $ b i l f t y  e f f e c t  
on the thermometer  av'eraged 15' F at 335 m f l e s  p e r  h o u r ,  
but a s e r i e s  of d e t e r m f n a t f o n s  i n d i c a t e &  t h a t  t h i s  effect 
may have  v a r i e d  c o n s i d e r a b l y  unde r  d i f f e r e n t  atmospheric 
c o n d i t i o n s .  

elits r e l a t i o n  Satween t h e  obse rved  v a r i a t i o n s  09 povrer 
and speed  witlz a l t i t u d s ,  shown i n  figure 1 2 ,  nay be more 
r e a d i l y  a n a l y z e d  by c o n s i d e r a t i o n  of t h e  e a u f l i b r i u m  of 
power r e q u i r e &  and power a v a i l a b l e  fn st s a d y  l e v e l  f l i g h t  

Under t h e s e  conditions 

ox 

where 

D over-all drag of a i r p l a n e ,  pounds 

V t r u e  speed., miLes p e r  holm 

v p r o p u l s i v e  e f f i c i e n c y  o f  Fropeller an4 exhaus t-  
s t s c k  c o n b i n a t i o n  

bhp b r a k e  horsepower 

s wing a r e a ,  s q u a r e  f e e t  

CD drag c o e f f i c i e n t  of Etirplane 

0 fr e  e -a i r -dens i  t y  r a t i o  

I t  i s  i n m e d i a t e l y  a;>parent tha t ,  for f u l l - t h r o t t l e  
l e v e l  f l i g h t  a t  and s l i g h t l y  above the c r i t i c a l  a l t i t u a e  
with a n  a i r p l a n e  o f  normal s s p e c t  r p . t i o  c.n& wing l o a d i n g  
ana a p r o p e l l e r  chosen f o r  good higfn-spet?d p e r f o r n a n c e ,  

t h e  p a r a n e t e r  52.73 should be v i r t u a l l y  un-  
sc3 

a f f e c t e d  by mod-era te  changes i n  weight or a l t i t u d e .  Values 
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of t h i s  paxaneter  de6uced f r o m  t h e  observed v a l u e s  o f  'Q 

and - blrp f o r  each r u n  a r e  p l o t t e a  against  a e n s i t y  a l t i -  
tude  i n  f i g u r e  1 2 ,  2he v a r i a t i o n  o f  approximate ly  2 per-  
cent  i n  t h e  c a l c u l a t e d  v a l u e s  i s  more t h a n  w o u l d  normally 
be expected  i n  the  small range of a l t i t u d e s  t e s t e d ,  and 
some of t h e  v a r i a t i o n  should be charged t o  exper imenta l  
error i n  t h e  small nulnber o f  p o i n t s  ob ta ined .  

I n  f u l l  t h r o t t l e  o p e r a t i o n  t h e  parameter  

0 

would also be expected  t o  remain e s s e n t i a l l y  cons tan t  over 
t h e  a l t i t u d e  range covered. by t h e  t e s t s ,  The measured v a l -  
u e s  of t h i s  pa ramete r ,  which a r e  a l s o  p l o t t e d  a g a i n s t  den- 
s i t y  a l t i t u d e  i n  figure 22,  confirm t h i s  e x p e c t a t i o n ,  

An impor tant  phase b f  t h e  p r e s e n t  i n v e s t i g a t i o n  i n -  
vo lves  comparison o f  t h e  high-speed performance ol? t h e  
long-nose cowling and  exhaus t- s tack  arrangement w i t h  ac- 
cep ted  high- speed performance v a l u e s  f o r  simtlar a i r p l a n e s  
wi th  conven t iona l  a i r - coo led  (P-36A) and l iqu id- coo led  
(P-4,001 i n s t a l 2 a t i o n s .  T o  prov ide  stlch a comparison, equa- 
t i o n  ( 2 )  i n  t h e  modif ied f o r m  

has  been p r e s e n t e d  g r a T h i c a l l y  on f i g u r e  13. P o i n t s  rep-  
r e s e n t i n g  t h e  high- speed performance o f  t h e  v a r i o u s  a , i r -  
p l a n e s ,  a l l  o f  which had t h e  same wing a r e a ,  a r e  s p o t t e d  
on this f i g u r e ,  The l o c a t i o n  of a p o i n t  on t h e  f i g u r e  i i n -  
med-iately r e v e a l s  not only t h e  maximum speed o f  t h e  a i r-  
plane b u t  also the manner by which i t  was a t t a i n e d ;  by 
power, superchargfng and ram, as i n d i c a t e d  by t h e  o r d i n a t e  
s c a l e ,  or by aerodynamic re f inement ,  as i n d i c a t e d  by t h e  
a b s c i s s a  s c a l e ,  

Within r e a s o n a b l e  l i m i t s ,  t h e  f i g u r e  nay be used f o r  
s e v e r a l  purposes.  P r i m a r i l y ,  it; p r o v i d e s  a ready method 
of d4etermZning t h e  e f f e c t  on uaximum speed o f  changing 
e i t h e r  t h e  power o r  t h e  csiticral a l t z t u d e  of an  engine 
i n s t a l l a t i o n ,  For moderate changes t h e  e f f e c t  on wefght 
and p r o p u l s i v e  e f f i c i e n c y  will umal3;y have a n e g l i g i b l e  
effect on t h e  f ac to r  - 11 , so that t h e  a b s c i s s a  of  a 

SCD 
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347 

XP--42 long- nose 338 
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p o i n t  on t h e  f i g u r e  may 'be assumed c o n s t a n t  wh i l e  t h e  or- 
d i n a t e  i s  s h i f t e d ,  For example,  i t  would be 02 i n t e r e s t  
t o  d e t e r m i n e  what would have been t h e  maximum speed o f  t h e  
long-nose  XP-42 if i t s  eng ine  had d e l i v e r e d  i t s  r a t e d  m i l -  
i t a r y  b r a k e  horsepower.  For  1000 horsepower at 14 ,500  

o f  0.1775, t h e  maximum 

feet, %he v a l u e  of t h e  pa ramete r  bhP would be 1562. With 
ri 
SCD 

a r e p r e s e n t a t i v e  v a l u e  o f  - 
speed would t h e n  be expected t o  be 344 m i l e s  per hour, as 
comyared w i t h  t h e  obstirrvsd maximura v a l u e  o f  338 miles p e r  
hour ,  Actua lLy,  t h e  rgqa t o  t h e  c a r b u r e t o r  would permlt 
a t t a i n i n g  t h i s  power s$li 8, lower  I r e s - a i r  d e n s i % y  and would 
p e r m i t  a f u r t h e r  inere&#@ i n  speed of a p p r o x i m a t e l y  3 
n i l e s  pe r  hour. 

347 

352 

335 

Bnothor  u s e  o f  t i i s  c h a r t  i a  f o r  comparison of  t h e  max- 
i m u m  speed  a t  t h e  s a n e  power and a l t i t u d e  o f  a i r p l a n e s  o f  
t h e  same wing area, when. t h e s e  airplanes have been t e s t e d  
under  d i f f e r e n t  power -dens i ty  cond. i t ions.  A n e c e s s a r y  p r e-  
s u p p o s i t i o n  t o  t h i s  comparison i s  t h a t  a l l  t h e  engfnes  
conpared  could  be modi f iad  t o  produce the same power a t  
t h e  same a l t i t u d e  w i t h o u t  a p p r e c s a b l e  changes  i n  weight .  
I n  t h o  c a s e  of t h e  XP- 42,  t h e  PU36A, and t h e  P14OC, t h e  en-  
g i n e  o f  each  of t h e s e  a i r p l a n e s  has been rated a t  1050 
horsenower a t  some a l t i t u d e ,  so  i t  may be assuined t h a t  t h e  
r a d i a i  e n g i n e s  could, be supe rcha rged  t o  1050 horsepower a t  
15,000 f e e t ,  o r  in o t h e r  words,  t o  t h e  same power and a l-  
t i t u d e  as  t h a t  o f  t h e  P-4OC. The comparison would t h e n  
show: 

I I 

A i r p l a n e  

Observed 
maxi m u  
speed  

Ha x i  xum 
speed,  

a t  1050 hp 
and 15,000 ft 

(mph) 
.f- ,-.- ----I-' ' I '  
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t h e r e f o r e  open t o  sone q u e s t i o n ,  Some a d d i t i o n a l  c o o l i n g  
po i r e r  wou1.d be r e q u i r e d  t o  o p e r a t e  *he P-36A and XP-42 en- 
g i n e s  a t  t 2 e  ratec2 power and a l t i t u d e  of  t h e  P-4OC eng ine .  
Comparison o f  t h e  aerodynamic e f f e c t  o f  t h e  eng ine  i n s t a l -  
l a t i o n s  is f u r t h e r  compl i ca t ed  by t h e  f a c t  t h a t  o t h e r  
s o u r c e s  o f  d rag  a r e  n o t  s t r i c t l y  compa,rable because  t h e  
gun i n s t a l l a t i o n s  on t h e  XP-42 had been removed and,  on 
t h e  o t h e r  hand,  soae  d e t a i l e d  aerodynamic r e f i n e m e n t s  such  
as t h e  l a n d i n g- g e a r  f a i r i n g  have been made on t h e  P-4OC. 

The comparison,  bowever, d o e s  seem t o  i n d i c a t e  t h a t ,  
by u s e  o f  i nd t iv idua l  j e t  exhaus t  s t a c k s  and a long- nose 
h i g h - i n l e t - v e l o c i t y  cowl ing ,  t h e  i n s t a l l a t i o n  o f  an  a i r -  
c o o l e d  eng ine  nay be Made t o  compare f a v o r a b l y  w i t h  a 
c o n v e n t i o n a l  l i q u i d- c o o l e d- e n g i n e  i n s t a l l a t i o n ,  

P r e s s u r e , s  and t e n p e r a t u r e s  .- Fho d i s t r i b u t i o n s  o f  ob- 
s e r v e d  eiigine c o o l i n g - a i r  p r e s s u r e s  and c y l i n d e r  tempera-  
t u r e s  f o r  a t y p i c a l  h igh- speed  I.eva3. f l i g h t  and f o r  a f u l l -  
pover  c l i n b  a r e  shown i n  f i g u r e  14.  F o r  each  c a s e ,  t h e  
p r e s s u r e s  a r e  T l o t t e d  i n  p e r c e n t a g e  o f  f r e e- s t r e a m  l n p a c t  

For t h e  high- speed c o n d i t i o n ,  t h e  d i s t r i -  p r e s sur e 
b u t i o n  o f  fronC and  r e a r  p r e s s u r e s  a rbund  t h e  eiigine i s  
seen  t o  be v e r y  n e a r l y  un i fo rm;  i n  f a c t ,  t h e  p r e s s u r e s  at 
t h e  b a f f l e  e n t r a n c e s  v a r y  l e s s  v i t h  t h e  l o c a t i o n  on t h e  
eng ine  o f  t h e  c y l i n d e r s  on which t h e y  a r e  measured t h a n  
t h e y  d o  vitli t h e  p o i n t  o f  measurement on t h e  i n d i v i d u a l  
c y l i n d e r ,  

qc 

I n  t h e  t y p e  o f  cowling under  c o n s i d e r a t i o n ,  t h e  en- 
g i n e  c o o l i n g  a i r  i s  i n t r o d u c e d  t o  t h e  f r o n t  o f  t h e  eng ine  
t h r o u g h  a f a i r l y  nar row a n n u l a r  space ,  p r o d u c i n g  a j e t  i n  
which t h e  v e l o c i t y  i s  d-etermined by t h e  q u a n t i t y  of c o o l -  
i n g  a i r  and t h e  a r e a  o f  t h e  a n n u l u s .  The observed  p r e s -  
s u r e s  on t h e  f r o n t  o f  t h e  e n g i n e  may t h e n  be expected- t o  
v a r y  accorcl tng t o  t h e  l o c a t i o n  o f  t n e  p o i n t  o f  n e a s u r e n e n t  
w i t h  r e s p e c t  t o  t h e  e n t e r i n g  j e t ,  t h e  naximum amount o f  
t h e  v a r i a t i o n  b e i n g  n e a r l y  e q u a l  t o  t h e  v e l o c i t y  head i n  
t h e  j e t ,  With a s i n g l e  e x c e p t i o n  p r o b a b l y  a t t r i b u t a b l e  t o  
e x T e r i n e n t a 1  e r r o r ,  t h e  pressures observed  on t h e  f r o n t  o f  
t h e  e n g i n e  f e l l  between t h e  maximxm impact and t h e  m i n i r  
m u m  s t a t i c  p r e s s u r e s  measured i n  t h e  a n n u l u s .  

c 

The ave rage  p r e s s u r e s  on t h e  f r o n t  o f  t h e  e n g i n e  i n  
t h e  f u l l - t h r o t t l e  h igh- speed  c o n d i t i o p  were found t o  r e -  
main nearly c o n s t a n t  a t  G,83 gc i n v e s t i g a t e d .  T h i s  v a l u e  r e p r e s e n t s  a loss of approxi=- 

i n  t h e  r ange  o f  a 1 5 i t u d e s  
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mately 0 ,05  q, from the average  impact pressure of  0,88 q, 
observed at t h o  a n n u l a r  e n t r a n c e  t o  t h e  engine  campart* 
nent  and an apparen t  l o s s  o f  0.12 q, due t o  entrance anit 
d i f f u s e r  l o s s e s .  The actual entTance 3.0ssss a r e  i n d e t e r -  
minate because o f  t h e  wzknown amount of ram added bg t h e  
p r o p e l l e r  cuffs. 

At f i r s t  g lance ,  t h e  d i s t r i b u t i o n  o f  p r e s s u r e s  on t h e  
fronC and r e a r  of t h e  engine s h o m  i n  f i g u r e  14 f o r  a 
fullwpower ( f u l l - r i c h )  climb appears  much =ore  uneven t h a n  
t h a t  f o r  the  hlgh-speed c o n d i t i o n ,  Except f o r  two l a w  
p o i n t s ,  however, t h e  var t ia t ion  o f  f r o n t  p r e s s u r e s  was ap- 
prox imate ly  25 F s r c e n t  o f  t h e  average  p r e s s u r e  drop across 
t h e  engine  i n  b a t h  climb and l e v e l  f l i g h t .  Xn %lie cXimb 
c o n d i t i o n ,  as i n  t h e  highuspee$. c o n & i t l o n ,  t h e  v a r i a t i a n  
wi th  t h e  p o i n t  o f  measurewnt  on t h e  i a d i v i d u a l  c y l i n d e r  
was g r e a t e r  t h a n  t h e  v a r i a t i o n  wi th  t h e  location o f  the 
c y l i n d e r  around t h e  engine.  

uneven i n  c l i a b ,  Where t h e  v a r i a t i o n  of r e a r  p r e s s u r e s  
ai; h i g h  speed was on ly  5 p e r c e n t  o f  %lie average  p r e s s u r e  
drop, t h e  v a r i a t i o n  o f  rear pressures fn full-power climb- 
was approximatel ,  22 percen t  o f  t h e  average  p r e s s u r e  ?sop 
across t h e  engine .  The rear pressures were h i g h e s t  near  
t h e  S o t t o m  o f  t h e  engine ,  probably  because o f  a cornbZnation 
o f  c o n d i t i o n s  due t o  a n g l e  of a t t a c k  ana  t h e  absence o f  
cowl $Elape a t  t h e  bottom, 

4 

The rear p r e s s u r e s ,  on t h e  o t h e r  hand, were much n o r e  

In t h e  fu l l -poveT  olinb c o n d t t i o n ,  t h e  p r o p e l l e r  c u f f s  
r a i s e d  the average  pressure a t  t h e  e n t r a n c e  t o  t h e  engine  
comyartxent t o  0.98 g, and t h e  average p r e s s u r e  on t h e  
frarr t  o f  t h e  engine t o  0.86 qc a t  t h e  engine  power l i s t e d  
i n  figure 14. The cowl f l a p s  lowered t h e  average r e a r  
p r e s s u r e  t o  -0.26 qcB providing an  avesaga p r e s s u r e  drop 
a c r o s s  t h e  engine  of 1.12 qc, o r  10.6 i n c h e s  o f  x a t e r .  

The d f s t r j b u t i o n  of cy l inder- head  and barrel .  t h m  
t u r e s  is seen f r o n  f i g u r e  14 t o  be fairly u n i f o r n  in .t, 
high-s;?eed cond i t ioo .  ?he maximnm de7riation f r o 2  t h e  ap- 
e rage  tempera ture  f o r  both 3.eacj-s acrl ' . -zrraLs was l e s s  t h a n  
25' F, L i t t l e  correlation fs e v i c t  15 botween individuz.1 
c y l i n d e r  t e n p e r a t u r e s  and the p r + -  E ; Zrr\ps acL-pss ';;hcse 
cyli:?&ers.  The obser-;e& ey3,5ncl? Z IL  f .9  3 )nrSt, 1 t.9 :r=,e 
r e l z t l ? v e l g  i r s - r u  and barrel  ten ip5r ;  2 -  : p  v~~ a , ?  xz fit-; -;c!. 71. 

G O I i l p a -  ~ P L I  ii-:tth t h e i r  s p e c i f i e d  L i r . j - i i ?  c f  500" 3' and 335' 
F, r e s p e c t  xvely,  
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A r m y  s p e c i f i c a t i o n s  r e q u i r e  t h a t  t h e  i n s t a l l a t i o n  be 
c a p a b l e  o f  o p e r a t i n g  w i t h i n  t h e s a  l i m i t i n g  t empera tu  
under  :summer c o n d i t i o n s , t f  where s e a- l e v e l  a i r  t e z p e r a t u r e  
i s  1 0 0  F aBd t h e  d r o p  i n  t e m p e r a t u r e  w t t h  p r e s s u r e  a l t i -  
t u d e  i s  3.6 F p e r  -f;housand f e e t ,  P o r  c o r r e c t i n g  t e s t s  
t o  t h e s e  a i r  c o n d i t i o n s ,  a 121 c o r r e c t i o n  f a c t o r  i s  spec-  
i f i e d  for b a t h  h e a d s  and barre ls .  F i g u r e  1 5  shows a v e r a g e  
and ixaximuln observed  head and b a r r e l  t e m p e r a t u r e s  i n  relac. 
t i o n  t o  t h e s e  Army summr l i m i t a ,  e x p r e s s e d  h e r e  i n  O F  
above f r e e - a 5 r  t e m p e r a t u r e .  S t  5 s  observed  tha t  a l t h o u g h  
t h e  heads coo led  s a t i s $ s c t o r i l - y ,  t h e  a v e r a g e  b a r r e l  t e n -  
p e r a t u r e s  were narg ina l .  and  maximum b a r r e l  t e m p e r a t u r e s  
exceeded  t h e i r  spec i f icsd  l i n i t  i n  f u l l - t h r o t t l e  l e v e l  
f l i g h t  i n  t h e  a l t i t u d e  range  t e s t e d .  

X t  i s  p o s s i b l e  t h a t  a r e d i s t r i b u t i o n  o f  t h e  availaSYle 
c o o l i n g  a i r  e f f e c t e l l  by a change i n  t h e  c y l i n d e r  b a f f l i n g  
w o u l d  r e d u c e  t h e  maxiaulzl b a r r e l  t e m p e r a t u r e s  t o  t h e i r  spec-  
i f i e d  l i m i t  w i thou t  i n c r e a s e n g  t h e  c 'oo l ing  d r a g  because  
t h e  head  t e m p e r a t u r e s  were w e l l  be low t h e i r  l i m i t  .* 

I n  o r d e r  t o  e v a l u a t e  t h e  e f f e c t  o f  small changes  1% 
a8r f l o w  on c y l i n d e r  t e m p e r a t u r e s ,  t h e  p r e s s u r e  drop  across  
t h e  e n g i n e  was v a r i e d  a t  c o n s t a n t  a l t i t u d e  and. fa l l  power 
by open ing  t h e  small cowl f l a p s  used i n  t h e  h igh- speed  
t e s t s ,  %!he r e s u l t s  a r e  shown i n  f i g u r e  16, F o r  a n  in-  
c r e a s e  o f  1 0  p e r c e a t  i n  volume o f  a i r  f l o w ,  o r  a n  i n c r e a s e  
of  4 i n c h e s  o f  w a t e r  i n  ave rage  p r e s s u r e  d r o p  acroBs t h e  
e n g i n e ,  ave rage  cy l inde r- head  t e m p e r e t u r g s  were reduced  -. 
15' F and averagf:  b a r r e l  t e m p e r a t u r e s  1Q F ,  

The i n t e r p r e t a t i o n  o f  t h e  t e m p e r a t u r e  r e c o r d  o b t a i n e d  
d u r i n g  t h e  fu l l- power  c l imb  a t  240 m i l e s  p e r  hour  i 5  open 
t o  sone q u e s t i o n ,  s i n c e  t h e r e  was a par ' t i a l  f - , i lure  o f  t h e  
r e f e r e n c e  v o l t a g e  u s e d  t o  a v o i d  e r r o r s  due t o  t e m p e r a t u r e  
e f f e c t s  on t h e  ga lvanomete r ,  Qhe  record- o b t a i n e d  f r o m  t h o  
r e f e r e n c e  v o l t a g e  c o n s i s t e d  o f  t h r e e  o r  f o u r  jagged s t e p s  
i n s t e a d  of  t h e  smooth h o r i z o n t a l  l i n e  p r e v i o u s l y  o b t a i n e d ,  

'Subsequent t e s t s ,  t o  be r e p o r t e d  l a t e r ,  o r ~  t h e  saqe en-  
g i n e  and  thermocouple  i n s t a l l a t i o n  i n  a sho r t- nose  cov l i r i g  
showed t h a t  a r e d u c t i o n  of  15' F i n  t h e  t e n p e r a t u r e  o f  t h e  
base  thermocouples  couEd be o b t a i n e d  by removal o f  t h e  baf-  
f l e  s e a l i n g  s t r l p s  between t h e  b t ; r r e l s  at, t h e  b o t t o a  o f  t h e  
c y l i n d e r s ,  Those  s e a l i n g  s t r i p s  ?,re a s - ~ o c i a l  f e a t u r e  of  
t h e  p a r t i c u l a r  ' b a f f l e  arrangement  p r o v i d e d  by t h e  P r a t t  &: 
Whitney Company f o r  t h e  e n g i n s  used i n  t h i s  i n v e s t i g a t i o n  
and are no t  p r e s e n t  i n  the s t a n d a r d  b a f f l e  i n s t a l l a t i o n  f o r  
1830 e n g i n e s .  

-- . 

1 
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In all. p r e v i o u s  f l i g h t s ,  t h e  d e f l e c t i o n  o f  f h e  ga lvanometer  
when the  r e f e r e n c e  v o l t a g e  was a p p l i e d  n e v e r  d e p a r t e d  more 
t h a n  0.01 inch from a v a l u e  o f  0.89 inch ,  S i n c e  t h e  in- 
s t rumen t  t e m p e r a t u r e  v a s  e s s e n t i a l l y  t h e  same as i n  t h e  
p r e v f o u s  f l f g h t s  and s i n c e  t h e r e  wa8 s u f f i c i e n t  ev idence  
C o  show Chat t h e r e  wa8 n o t h i n g  wrong w i t h  t h e  ga lvanometer  
i t s e l f ,  it i s  improbable t h a t  thecga lvanometer  c a l i b r a t i o n  
s h o u l d  haves changed m a t e r i a l l y  from t h e  n e a r l y  c o n s t a n t  
v a l u e  i t  h e l d  i n  t h e  p r e v i o u s  f l i g h t s ,  In t h e  c a l c u l a t i o n  
of  t e m p e r a t u r e s ,  t h e r e f o r e ,  'it w a g  assumed t h a t  t h e  d e f l e c-  
t i o n  o f  t he  r e f e r e n c e  v o l t a g e  would htlver been 0.89 i n c h  i f  
t h e  b a l l a s t  t u b e  and t h e  c o n n e c t i o n s  from t h e  r e f e r e n c e  
v o l t a g e  had been in good c o n d i t i o n ,  

The t e m p e r a t u r e  q i s t r i b u t i o n  c a l c u l a t e d  on t h e  fQrw- 
go ing  basis f o r  t h e  f u f l - p o w e r ,  f u l l - r i c h ,  $ l i m b  a t  140 
miles per hour  and showa i n  f i g u r e  14 i s  seen t o  have about  
t h e  same p a t t e r n  a@ observed f o r  t h e  high- speed c o n d i t i o n  
a t  t h e  a l t i t u d e  shown, A+ h i g h e r  a l t i t u d e s ,  however, t h e  
p a t t e r n  changed c o n s i d e r a b l y ,  as may be seen i n  f i g u r e  17 ,  
S ince  t h e r e  was n o  change I n  t h e  p r e s s u r e  d i s t r i b u t i o n ,  i t  
i s  p robab le  t ha t  t h e  change was Przrgely a n  e f f e c t  of mix& 
t u r e  d i s t r i b u t i o n  as t h e  a t i x tu r3  r i c h e p e d  w i t h  a l t i t u d e ,  

A more comple te  p 3 c t u r e  of t h e  c o n d i t i o n s  o b t a i n e d  
i n  t h e  c l i m b  t e s t  i s  shown f a  f i g u r e s  18  and 19 ,  F i g u r e  
18 p r e s e n t s  a t ime  history o f  a c l imb  t o  11 ,000  f e e t  a t  
160 m i l e s  pe r  hour i n d i c a t e d ,  w i t h  the engine  o p e r a t i n g  
a t  2550 rpm and 40 inchea  of mercury manifo1.d p r e s s u r e  
and w i t h  t h e  c a r b u r e t o r  m i x t u r e  c o n t r o l .  ,ip a u t o m a t i c  r i c h ,  

A t  t h e  end of t h i s  c l i m b ,  a l e v e l  run  was made a t  t h e  
same manifold  p r e s s u r e  and eng ine  speed  as i n  t h e  c l imb ,  
The l e v e l  run was followed by another climb similar  t o  t h e  
f i r s t  excep t  t h a t  t h e  engine speed  was 2300 rpm, 

F i g u r e  1 9  i s  a t i m e  h i s t o r y  o f  a c l i m b  t o  22,000 f e e t  
p r e s s u r e  a l t i t u d e  a t  140 m i i e s  p e r  hour i n d i c a t e d ,  2550 rpm, 
f u l l  r i c h ,  w i t h  t h e  m a n i f o l a  p r e s s u r e  up t o  t h e  maximum 
r a t i n g  f o r  S-minute o p e r a t i o n  except  f o r  t h e  t a k e- o f f ,  
The p r e s s u r e  and t e m p e r a t u r e  d i s t r i b u t i o n s  f o r  c l imb  ehown 
i n  f i g u r e s  14 and 17 were t a k e n  from t h i s  t e s t ,  

While t h e  p a t t e r n  o f  p r e s s u r e  a n d  t e m p e r a t u r e  d i s t r i b u -  
t i o n  was e s s e n t i a l l y  t h e  same For  t h e  c l imbs  a t  140 and  160 
miles p e r  hour  a t  t h e  same a l t i t u d e s ,  t h e r e  was  some change 
i n  t h e  l e v e l  of observed  f r o n t  and  r e a r  p r e s s u r e s .  The 
p r e s s u r e s  a t  t h e  b a f f l e  e n t r a n c e s  ave raged  Or83 q and t h e  
r e a r  p r e s s u r e s  ave raged  -0.l6 qa Sn tht4 ce2Smb a t  E60 m i l e s  
per hour .  oampared w i t h  0 .86  q, snd ~0'26 q c t  r e s p e c t i v e l y ,  
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i n  t h e  c l imb a t  140 m i l e s  p e r  hour a t  comparab le  a l t i t u d e s  
(11,000 f t ) .  The a c t u a l  c o o l i n g  p r e s s u r e  d rops  are  shown 
Ln f i g u r e s  18 and 19r 

Enspec t ion  of f igure  1 9  shows t h a t  t h e  p r e s s u r e  d r o p  
a c r o s s  t h e  engine d e c r e a s e d  d u r i n g  t h e  140-mile-per- hour 
c l imb  and was s t i l l  lower  d u r f n g  a s u b s e q u e n t  l e v e l  f l i g h t  
run  a t  t h e  same a i r s p e e d  a t  a n  i n t e r m e d i a t e  a l t i t u d e .  T h i s  
f a c t  i n d i c a t e s  that t h e  d e c r e a s e  i n  p r e s s u r e  d r o p  was due 
p r i n c i P a l l y  t o  t h e  d e c r e a s e d  ram f r o m  t h e  c u f f s  and lowered 
s l i p s t r e a m  e f f e c t  on t h e  cowl f l a p s  as t h e  power dropped off. 
The da ta  o b t a i n e d  i n d i c a t e d  t h a t  t h e  d r o p  i n  f r o n t  p r e s s u r e s  
was a p p r o x i m a t e l y  e q u a l  t o  t h e  r i s e  i n  r e a r  p r e s s u r e s .  

The c y l i n d e r  t e m p e r a t u r e  r e c o r d s  of f i g u r e s  18 and 1 9  
s h o w  t h a t  t h e  cy lhnder -head  t e m p e r a t u r e s  were  w e l l  below 
t h e i r  l i m i t  a t  a l l  t i m e s  bu t  t h a t  maximum u n c o r r e c t e d  
b a r r e l  t e m p e r a t u r e s  were w i t h i n  10’ F of  t h e i p  l i m i t  o f  
335’ F. 
pu t  t h e  maximum b a r r e l  t e m p e r a t u r e s  f o r  t h e  260-ai le-per-  
hour  c l imb a t  15O F over  t h e  L i m i t  and f o r  t h e  2 . 4 O - m i l e -  
per- hour  c l imb  2 O  B unde r  t h e  $ i m l t ,  Zf t h . 5  -1 ! a b  a t  160 
m i l e s  p e r  hour  had been ex t ended  t o  t h e  eue!.f’t, c r i t i c a l  
a l t i t u d e  somewhat h i g h e r  t e m p e r a t w e s  con;. 1 3 e  c; epec ted .  
Engine t e m p e r a t u r e s  began t o  d e c l i n e  at Z c w s i ’  ~ f t ‘ ~ ~ 6 . e s  
i n  t h e  140-mile-per-hour c l imb  i n  full r i c h  p. i . ” .y  l e c a u s e  
of  t h e  i n c r e a s e  i n  m i x t u r e  s t r e n g t h  w i t h  a l t i t u s  a n d  p a r t -  
l y  because  t h e  eng ine  power d e c r e a s e d  w i t h  a l t i t u d e  from 
a maximum a t  ground l e v e l  under  t h e  o p e r a t i n g  c o n d i t i o n s  
s p e c i f i e d  f o r  a 5-minute c l imb.  

A p p l i c a t i o n  o f  t h e  A r m y  Ifsummer c o r r e c t i o n f f  would 

Aside f r o m  t h e  p r e s s u r e s  and t e m p e r a t u r e s  encoun te red  
f n  c o o l i n g  t h e  e n g i n e ,  i n t e r e s t  a l s o  l i e s  i n  t h e  a b i l i t y  o f  
t h i s  t y p e  o f  cowl ing  arrangement  t o  supply a i r  t o  t h e  in- 
d u c t i o n  system and t o  t h e  o i l  c o o l e r .  

The r e s u l t s  o f  t h e  p r e s s u r e  measurements i n  tihe fnduc- 
t i o n  system f o r  t h e  high- speed c o n d i t i o n  a r e  shown i n  f i g u r e  
20. The ram a t  t h e  su rvey  rake i n  t h e  c a r b u r e t o r  s coop  
above t h e  e n g i n e  ave raged  app rox ima te ly  0.77 q c c  a n d  the  
s t a t i c  p r e s s u r e  a t  t h e  same p o i n t  was approx ima te ly  0.55 qc 
i n  high- speed l e v e l  f l i g h t  above c r i t i c a l  a l t i t u d e .  As may 
be no ted  f r o m  t h e  p r e s s u r e  a t  t h e  t o t a l - h e a d  c o l l e c t o r  i n  
t h e  c a r b u r e t o r  t h r o a t ,  t h e  l o s s  th rough  t h e  s c r e e n  a t  t h e  
e n t r a n c e  t o  t h e  c a r b u r e t o r  w a s  almost t h r e e - f o u r t h s  of t h e  
v e l o c i t y  head i n  t h e  s p o o p .  Measurements o f  impact p r e s s u r e  
above t h e  s c r e e n  i n a i c a t e d  t h a t  t h e  l o s s  a t  t h e  bend above 
t h e  c a r b u r e t o r  was n e g l P g i b l e ,  



Some d i f f i c u l t y  was e x p e r i e n c e d  in measur ing  t h e  
t e m p e r a t u r e  o f  t h e  a i r  e n t e r i n g  t h e  Carburetor  because  of  
r e c u r r i n g  b reakages  of t h e  thermocouple ,  The t e m p e r a t u r e s  
shown by t h e  more r e l i a b L e  measurements,  however,  I n d i c a t e d  
t h a t  t h e  c a r b u r e t o r  a i r  was approx ima te ly  30° I? h o t t e r  t h a n  
t h e  ambient  f r e e - a i r  t e m p e r a t u r e .  S I n c s  t h e  t empera tu re  
r i s e  due t o  a d i a b a t i c  eompress ion  would be a p p r o x i m a t s l g  
h a l f  t h i s  v a l u e ,  t h e  remainder  must be eha rged  t o  absorp-  
t i o n  of  eng ine  h e a t  t h r o u g h  the  w a l l s  o f  t h e  duct.. 

The a v e r a g e  ram t o  t h e  f r o n t  o f  t h e  o i l  c o o l e r  i n  h igh-  
speed  l e v e l  f l i g h t  was found t o  be t h e  same as t h a t  i n  t h e  
c a r b u r e t o r  s c o o p ,  app rox ima te ly  0 , 7 7  q c e  Tn t h i s  c o n d i t i o n ,  
t h e  impact p r e s s u r e  behind t h e  o i l  c o o l e r  was approx ima te ly  
0.56 qc. f n  b o t h  a f  t h e  c l imbs  r e p o r t e d ,  t h e  impact p r e s-  
s u r e  on t h e  f r o n t  o f  t h e  oil o o o l e r  ave raged  0,66 q and 
p r e s s u r e s  behind t h e  o i l  c o o l e r  averaged  app rox ima te fy  
0.30 q c *  

Another i tem o f  impor tance  i s  t h a t  o f  ground c o o l i n g ,  
The t e m p e r a t u r e s  observed  d u r i n g  t h e  ground- cool ing t e s t  
a r e  p l o t t e d  i n  f i g u r e  21 ,  This t e s t  was made b e f o r e  t h e  
c u f f s  and t h e  v e n t i n g  o f  t h e  a c c e s s o r y $  compartment were 
mod i f i ed  t o  t h e  c o n d i t i o n s  u s e d  i n  t h e  f l i g h t  t e s t s ,  bu t  
i t  i s  b e l i e v e d  t o  be r e p r e s e n t a t i v e  o f  t h e  a i r p l a n e  i n  
t h e  f i n a l  c o n d i t i o n  in a l l  t e m p e r a t u r e s  e x c e p t  t h o s e  f n  
t h e  a c c e s s o r y  compartment. The t e m p e r a t u r e  o f  t h e  l e f t  
magneto,  which i s  i n  t h e  a c c e s s o r y  compartment ,  r eached  
a maximum of 129' F a f t e r  t h e  engine  w a s  c u t  off. C o r-  
r e c t e d  t o  summer c o n d i t i o n s ,  t h i s  t e m p e r a t u r e  would  be 30 F 
o v e r  t h e  Army l i m i t .  S i n c e  a l l  o t h e r  t e m p e r a t u r e s  were 
s a t i s f a c t o r y  and s i n c e  t h e  improved v e n t i n g  m a t a r i a l l y  r e-  
duced a c c e s s o r y  compartment t e m p e r a t u r e s ,  i t  f s  e v i d e n t  
t h a t  s a t i s f a c t o r y  ground c o o l i n g  can be o b t a i n e d  by t h e  
u se  o f  c u f f s  w i t h  t h i s  t y p e  o f  cowl ing ,  

Langley Memorial Aeronaut i c a l  L a b o r a t o r y  
N a t i o n a x  Advisory Committee f o r  A e r o n a u t i c s ,  

Langley F i e l d ,  V a .  



20 

1, S i l v e r s t e i n ,  &be,  and Guryansky, Eugene R.: Devefop- 
meat of Cowling for Long-Xose h i r - C o o l e d  Engine  
in the RACA Full-scale Wind Tunnel .  XACh A.B.R. - 
Oct. 1947,. 

2, P i n k e l ,  Benjamin,  T u r n e r ,  %. Richarc?, and Y o s s ,  Fred:  
Des ign  o f  Nozzles f o r  t h e  Individual Cyl inde r  Ex- 
haust J e t  P r o p u l s i o n  System, NACA A.Z.R.. , April 
1941 , 

J 



, 

Figure 1.- grant view of XP-42 airplane with long-nose cowling 

Figure 2 .-  Three-quqter front view. 

Figure 3 .-  Side view. 
J 
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Figure 7.- Three-quarter front, view showing modified cowl f laps  

c 

Figure 8 - Three-nuarter rear view showing a o d i f i e d  cowl flaps. 
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Figure 11,- Rotating thermocouple switch 

and recording galvanometer, 
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Figure 12,- High-speed performance of P-42 airplane with long-nose cowling. 
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-l 9 C  34.9 in. H20 9.5 in. H20 
Density altitude 15950 ft 2 14600 ft 
Atmospheric pressure 17.34 in. Hg 20,40 in. Hgp 

E Free air tempera-ture 33 OF In 

Engine power 909 bhp 3 3  909 bhp U 

Engine speed 2700 rpm 2 2540 rpm 
Mixture Auto. Rich f Full Rich ,,I 

.-I 
4 

45 OF 

Figure 14.- Pressure and temperature distribution in high-speed and in climb. 
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Fj,gurc 15.- Cylincier temperatures in the Si& speed condition i n  relation 
to Army limits. 
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Pigure 17,- Pressure aad tcmperatdrc 5ist;ibution at 22,000 ft at ead o<+ 
cliixb. 
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Figure 19,- Time hiPtary of a full power climb e 
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Fig. 20 

Yigare 2.0.- Fressu-os  ia i??d.uctio?# system in high-sptxd l e v e l  flight. 
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Figure  21.- Temperatures observed during ground cooling 
t e s t  with small cowl flaps open. 


